The majority of chromosomal rearrangements observed in Burkitt lymphomas involve a translocation between 8q and 14q, while the remaining minority carry variant translocations between chromosome 8 and either 2 or 22. We have studied the JI Burkitt lymphoma cell line carrying the variant 2;8 chromosome translocation using a combination of high-resolution and molecular cytogenetic techniques. We have determined that the chromosome 2 breakpoint of the 2;8 translocation in these cells is in the distal portion of 2pll.2. In situ hybridization of a DNA probe for K light chain variable (V,.) region demonstrated that this 2pil.2 breakpoint is within the V. region. There was significant hybridization of the probe to both the 2p-and 8q+ chromosomes, with 23% of all grains considered to be specific for V. located over the middle onethird of the long arm of the 8q+ chromosome. Thus, there is translocation of the entire c constant (C) region and a portion of the region carrying V,, genes from 2p to a region 3' of the cmyc oncogene on the involved chromosome 8, resulting in transcriptional activation of the c-myc that is quite distant from the 5' end of the C, gene. These results provide direct evidence for translocation-related rearrangement of the K immunoglobulin gene cluster in this Burkitt lymphoma and for the assignment of the V,, locus to 2pll.2.
ABSTRACT
The majority of chromosomal rearrangements observed in Burkitt lymphomas involve a translocation between 8q and 14q, while the remaining minority carry variant translocations between chromosome 8 and either 2 or 22. We have studied the JI Burkitt lymphoma cell line carrying the variant 2;8 chromosome translocation using a combination of high-resolution and molecular cytogenetic techniques. We have determined that the chromosome 2 breakpoint of the 2;8 translocation in these cells is in the distal portion of 2pll.2. In situ hybridization of a DNA probe for K light chain variable (V,.) region demonstrated that this 2pil.2 breakpoint is within the V. region. There was significant hybridization of the probe to both the 2p-and 8q+ chromosomes, with 23% of all grains considered to be specific for V. located over the middle onethird of the long arm of the 8q+ chromosome. Thus, there is translocation of the entire c constant (C) region and a portion of the region carrying V,, genes from 2p to a region 3' of the cmyc oncogene on the involved chromosome 8, resulting in transcriptional activation of the c-myc that is quite distant from the 5' end of the C, gene. These results provide direct evidence for translocation-related rearrangement of the K (3) (4) (5) . The breakpoints on chromosome 14 at q32, on 2 at p1l -+ p12, and on 22 at qil are in regions where the immunoglobulin heavy (6, 7), X (8) (9) (10) , and K (11-13) light chain genes, respectively, have been mapped. These findings have led to suggestions of immunoglobulin chain gene involvement in the nonrandom rearrangements of these B-cell malignancies (8) (9) (10) (11) (12) (13) (14) .
In addition, analysis of somatic cell hybrids for the presence of known retroviral oncogenes and in situ hybridization of pv-myc to somatic and pachytene metaphase chromosomes led to the localization of the c-myc oncogene on the terminal portion of the long arm of chromosome 8, at band 8q24 (15) (16) (17) (18) (19) (18, 20) . Close proximity between immunoglobulin heavy chain and c-myc DNA sequences on the 14q+ chromosome are a result of the translocation (15) (16) (17) (18) 20) . In Burkitt lines with the 8;22 rearrangement, there is evidence for translocation of X sequences to the 8q+ chromosome (9, 10), resulting in transcriptional activation of the c-myc that remains on the involved chromosome 8 (9) . Thus, there is substantial cytogenetic and molecular evidence to support the involvement of immunoglobulin chain genes in the nonrandom chromosomal changes and activation of transcription of the c-myc oncogene (9, 10, 12, 20) .
Our recent study with mouse-human hybrids of a Burkitt lymphoma line carrying a 2;8 translocation indicated that the c-myc oncogene remains on the involved chromosome 8, that the CK gene moves from the short arm of chromosome 2 to a region 3' of the c-myc oncogene, and that the break on 2p occurs within the VK gene complex (13) . High levels of human c-myc transcription in hybrids were associated with the presence of the 8q+ chromosome, while the c-myc on the normal 8 was silent (13) .
Using the in situ hybridization technique, we have further investigated the Burkitt lymphoma cell line JI, which carries the 2;8 translocation. The results of these studies confirm the interruption and separation of V1K sequences as a result of the 2;8 translocation and provide direct evidence for the assignment of the immunoglobulin K light chain variable locus to the chromosomal segment 2p11.2.
MATERIALS AND METHODS Metaphase chromosome preparations for trypsin G-banding and in situ hybridization were prepared from the JI Burkitt lymphoma cell line with a 2;8 translocation (13), using standard methods and air-dried slides. Slides for G-band analysis were incubated at 95°C for 15 min, cooled, pretreated for 1-5 sec in 0.025% trypsin (Difco 1;250) in isotonic saline, rinsed in saline, and stained for 6 min in a mixture of one part of 0.3% Wright's stain (Fisher) prepared in methanol to four parts of Gurr's pH 6.8 phosphate buffer (Biomedical Specialties, Santa Monica, CA). Twenty metaphases were examined to confirm the karyotype of the cells (13) prior to their use for the in situ hybridization studies.
The DNA probe for the in situ hybridization was a 598-base-pair genomic DNA clone (HK 101/80) in pBR322 (12, 13) . The probe was labeled with 3H by nick-translation (21) to a specific activity of 2-4 x 107 cpm/,ug of DNA.
Metaphase chromosome preparations on glass slides were hybridized with the 3H-labeled probe DNA at a final concentration of 0.035 ,ug/ml. After denaturation of chromosomal and probe DNA, hybridization was carried out in 50% (vol/ §To whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. vol) formamide in 0.3 M sodium chloride/0.03 M sodium citrate, pH 7, in the presence of 10% dextran sulfate for 16-18 hr as described (10, 19, 22) . After hybridization and washing, slides were dipped in nuclear track emulsion (Kodak-NTB-2), stored in the dark, and developed after 6-14 days. Slides were stained with 0.25% Wright's stain and analyzed microscopically for grain localization, using only intact, well-spread somatic cell metaphases where the chromosomal sites with grains were non-overlapped and identifiable by G-band pattern or chromosomal morphology. In a previous report we have described the other consistent chromosomal changes in the karyotype (13) . These include, in varying proportions of the cells, trisomy 15 and 21, a marker chromosome derived from centric fusion of two 21s, an unidentified small acrocentric marker, and a derivative chromosome 6 resulting in partial trisomy for lq and monosomy for 6q.
In Situ Hybridization of V. Probe to JI Cells. In situ hybridization studies were performed in two independent laboratories (B.S.E. and R.S.K.C.) by using a single source of the HK 101/80 probe and of the JI cell line, with similar in situ hybridization techniques (10, 19, 22) . The data from both laboratories are summarized in Table 1 . In laboratory 1 (B.S.E.), 50 metaphases were analyzed and a total of 124 grains were seen overlying chromosomes. Of these, 23 grains (19%) were on the pericentromeric region of the normal 2 (2p11 -+ 2q11), 25 grains (20%) were on the pericentromeric region of the 2p-chromosome ( Fig. 2A ), 2 were on the long arm of the normal 8, and a total of 8 grains (7%) were on the middle one-third of the long arm of the 8q+ chromosome (8q22 -* 8q24.1::2pll.2 -+ 2p15) near the translocationjunction (Fig. 2B) . The observed 7% of all grains over the midregion of the 8q+ is significantly higher (P < 0.01) than the proportion of grains observed at any other chromosomal region of comparable size if the distribution of other autosomal grains is normalized to account for chromosome copy number. The next highest number of grains over a normal chromosomal segment was a total of 6 over both short arms of the no. 3 chromosome.
In laboratory 2 (R.S.K.C.), among 23 grains found over all chromosomes in 15 metaphases, 2 were on the pericentromeric region of the normal 2, 4 were on the same region of the 2p-chromosome, and 8 were over the middle one-third of the long arm of the 8q+ chromosome (Table 1) . There were a total of 3 grains over both short arms of chromosome no. 1 in this study, and this was the only other site with >1 grain. Taken together, the data from both laboratories support the view that the translocation breakpoint interrupts the VK locus with a portion translocated to the involved 8q.
DISCUSSION
Previous studies have demonstrated that, in Burkitt lymphoma cells carrying the 8;14 rearrangement, translocation of the c-myc encoding exons to the immunoglobulin heavy chain locus results in high levels of constitutive c-myc expression, while the c-myc gene on the normal 8 is not transcribed (9, 13, 20, 24) . Our recent studies of Burkitt lympho- (9, 10) . The c-myc oncogene located proximal or 5' to the translocated CA locus is transcribed at high levels, while the myc on the normal 8 is transcriptionally silent (9) .
The present study confirms and extends our previous observations on the 2;8 translocation of JI Burkitt lymphoma cells. We have shown that in the 2;8, as in the 8;22 rearrangement, the Ig gene translocates 3' of the myc gene on 8q, and we confirm previous suggestions that the translocation breakpoint is within the VK locus (13) .
Chromosomal breaks and DNA and chromosomal rearrangements can occasionally occur in somatic cell hybrids. Our previous description of the presence of V1K genes in hybrids that retained either the 2p-or the 8q+ chromosome in the absence of the normal chromosome 2 could be explained on the basis of DNA or chromosomal rearrangement unrelated to the original translocation. The present study provides direct cytologic evidence for the 2p-and 8q+ location of VK sequences in the JI parental cell line, lending additional support to the somatic cell hybrid data. The precise breakpoint identification by high-resolution banding coupled with hybridization of the VK probe to both of the chromosomes involved in the rearrangement in two independent laboratories support assignment of the VK gene cluster to 2pll.2.
Gene titration studies have indicated that there are between 15 and 20 VK gene loci (25) . These individual VK genes are separated by a minimum of 7-10 kilobases of intervening sequence DNA. We have demonstrated that only a portion of the involved V1K complex translocates to the 8q+ chromosome, suggesting that a minimum of 50 and perhaps >100 kilobases of DNA separate the c-myc on distal 8q from the translocated CK gene complex. The c-myc gene on the involved chromosome 8 must thus be at a relatively long distance from the immunoglobulin constant region gene, suggesting that a presumed "activating" influence of this gene can be effective over a considerable length of chromosome.
